Background
==========

Skin and soft tissue infections (SSTIs) are common reasons for seeking medical care, and can have significant morbidity including hospitalization \[[@B1],[@B2]\]. In patients hospitalized due to SSTI, *Staphylococcus aureus* (*S. aureus*) is the most common bacterial pathogen identified \[[@B3]-[@B5]\].

In the past, methicillin-resistant *S. aureus* (MRSA) infections were mostly confined to patients with risk factors such as hospitalization or recent healthcare contact \[[@B6]\]. More recently however, there has been a dramatic increase in community-associated MRSA (CA-MRSA) infections which often present as SSTIs, affecting individuals without prior risk factors^3;6^. The emergence of MRSA in SSTIs has challenged treatment, as this bacterium is resistant to beta-lactam antibiotics that were previously the standard of care for *S. aureus*-SSTI treatment \[[@B5]\].

In the U.S.A. between 1997 and 2005, the overall annual rate of visits for SSTIs to physician offices, hospital outpatient departments, and emergency departments increased from 32.1 to 48.1 visits per 1,000 people, which at the U.S. population level, equated to 14.2 million total SSTI visits in 2005 \[[@B7]\]. *S. aureus* hospitalizations also increased in parallel with the increase in SSTIs. Between 1999 and 2005, the estimated number of *S. aureus*--related hospitalizations across infection types increased by 62%, from 294,570 to 477,927 and the estimated number of MRSA-related hospitalizations more than doubled, from 127,036 in 1999 to 278,203 in 2005 \[[@B8]\]. The increase in *S. aureus* hospitalizations has occurred coincidentally with the emergence of the USA300 clone as a primary cause of CA-MRSA infections, which mostly manifest as SSTIs \[[@B9]\].

In terms of management of *S. aureus*-SSTIs, treatment costs can be substantial. Cost estimates vary by populations studied, cost perspective, and antibiotic therapy chosen, among other factors \[[@B10],[@B11]\]. In a U.S.A. study of 1997 inpatients and outpatients, Marton, et al., reported that mean overall SSTI episode costs among adults were \$8,865 (with 12.6% of the episodes resulting in hospitalization) \[[@B10]\]. Menzin, et al., studied over 13,000 *S. aureus*-SSTI inpatient episodes from 2005 to 2006 and found that the mean associated hospitalization costs were \$6,800 per patient \[[@B12]\]. Itani, et al., studied 5,156 patients hospitalized with SSTIs and found that the median charge among the 3,079 with gram positive-associated SSTIs (which includes *S. aureus*) was \$19,894 with a mean of \$40,046 \[[@B2]\].

The above investigations were limited by relatively small sample size and/or relatively short study time frames. To address these data limitations, we performed a retrospective observational study to evaluate the US national trend of the incidence and cost of hospitalizations associated to *S. aureus*-SSTIs from 2001 through 2009.

Methods
=======

Data sources
------------

The main data source was the Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS) of the Agency for Healthcare Research and Quality, which is the largest U.S. database of inpatient stays representing approximately 20% of all-payer discharges occurring in U.S.A. community hospitals annually. Data on individual hospitalizations used in this survey include patient demographics, clinical and procedure diagnoses, length of stay, total charges, and cost-to-charges ratios \[[@B13]\]. The study period was from 2001 through 2009. To obtain national representative estimates, all analyses used sample weights and variance calculations as provided by HCUP. These weights were used to account for the complex sample design of the NIS data such as unequal probabilities of selection, oversampling, and non-responses \[[@B13]\].

Ethics statement
----------------

This study was conducted in strict adherence to the HCUP Data Use Agreement (DUA) with the Healthcare Cost and Utilization Project Agency for Healthcare Research and Quality to protect the privacy rights of the individuals and institutions within the HCUP data sets. No attempts were made to identify patients, physicians, and other health care providers. The study design was reviewed by the Compliance Office of the Los Angeles Biomedical Research Institute at Harbor-UCLA Medical Center and determined to be exempt from regulatory requirement of human subject's research.

Annual incidence of hospitalizations associated with *S. aureus*-SSTIs
----------------------------------------------------------------------

We used the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) in any of up to the first seven hospital discharge diagnoses to identify hospital discharges of interest. To estimate unadjusted, overall and age-specific cumulative incidence rates we followed three steps. First, we identified all hospitalizations with the diagnoses of *S. aureus* infections and among them, those hospitalizations with concomitant diagnosis of SSTI. Specifically, we used the codes for *S. aureus* septicaemia (0.38.11 and 038.12), *S. aureus* infection (041.11 and 041.12), and *S. aureus* pneumonia (482.41 and 482.42) to identify any *S. aureus* infection. It is noteworthy to report that some ICD-9 codes for *S. aureus* infections were not available during the entire study period but were added as new codes in October 2008 (i.e., 038.12, 041.12, and 482.42) \[[@B14]\]. Based on previously published investigations, we used the following codes for the identification of SSTI-related hospitalizations: Carbuncle (680.xx); Cellulitis and abscesses (681.xx and 682.xx); Erysipelas (035.xx); Impetigo (684.xx); Mastitis (611.0.x and 771.5×); Other (7048.x), Pyoderma Dermatitis (686.xx); Pressure ulcer (707.xx); Infection due to internal prosthetic device, implant, & graft (996.6×); Postoperative infection (998.5×); Other infection, as complication of medical care (9993.x), or Non-healing surgical wound (998.83) \[[@B8]-[@B14]\]. For descriptive purposes, hospitalizations were stratified by patient age group (0--17, 18--44, 45--64, 65--74 and 75 years and older).

We then used annual overall and age-group population estimates for 2001 through 2009 from the U.S.A. Census Bureau \[[@B15]\]. We divided the annual number of hospitalizations of interest by the annual population estimates and reported annual cumulative incidences as hospitalizations per 100,000 people. We then calculated the proportion of all *S. aureus* hospitalizations with concomitant diagnosis of SSTI. Finally, we graphically assessed incidence trends over time for the point estimates and their 95% confidence intervals.

Average length of stay and average cost associated with *S. aureus*-SSTIs hospitalizations
------------------------------------------------------------------------------------------

For each hospitalization of interest, we calculated the length of stay and the hospital cost of medical care. As hospital charges are usually not reimbursed in full, we converted charges into cost (which are lower than charges), by using HCUP cost-to-charge ratios \[[@B16]\]. All costs were then converted into 2010 US dollars by using the Consumer Price Index for Medical Care, Hospital, and Related Services \[[@B17]\].

Annual national cost associated with *S. aureus*-SSTIs hospitalizations
-----------------------------------------------------------------------

For each study year we calculated the total national cost associated with *S. aureus* and *S. aureus*-SSTI hospitalizations by multiplying the number of hospitalizations by their average cost. Cost estimates were also calculated as a proportion of all *S. aureus* hospitalizations (i.e., non-SSTI infections such as bloodstream infections and pneumonia). We graphically assessed annual cost trends over time for the point estimates and their 95% confidence intervals.

Statistical Methods
-------------------

We quantified relative changes in incidence, length of stay, average cost per stay and national cost of *S. aureus*-SSTI hospitalizations between the first and last year of the study period (2001--2009). We assessed statistical significance at an *a priori* alpha level of 0.05. The use of HCUP's sample weights and variance was described above. All analyses were performed in SAS software, version 9.1 (SAS Institute, Cary North Carolina).

Results
=======

From 2001 through 2009, hospitalizations associated with any *S. aureus* infection increased from 410,768 to 697,248 hospitalizations, a 70% increase (p \< 0.001). During our study period, the peak year for *S. aureus* and *S. aureus*-SSTI hospitalizations was 2008, with a subsequent non-significant decrease in 2009. During the same period, the total number of hospitalizations for any reason increased non-significantly by 6% (37.2 to 39.4 million). Among all *S. aureus* associated hospitalizations, SSTIs comprised an increasing proportion over time (39% in 2001 to 51% in 2009, p \< 0.01) (Table  [1](#T1){ref-type="table"} and Figure  [1](#F1){ref-type="fig"}). Whilst the incidence of any *S. aureus* hospitalization increased by 57% between 2001 and 2009 (from 145 to 228 per 100,000, p \< 0.01), the incidence of *S. aureus*-SSTIs increased by 105% in the same period (from 57 to 117 per 100,000, p \< 0.01) (Figure  [1](#F1){ref-type="fig"}).

###### 

**Hospitalizations for*S. aureus*skin and soft tissue infections (SA-SSTI) in the U.S. by year and age group, 2001--2009**

                  **Year**                                                                                                                                                                                                                      
  ---------------------------------------- ------------ ---------- ------------ ---------- ------------ ---------- ------------ ---------- ------------ -------- ------------ -------- ------------ -------- ------------ -------- ------------ --------
                                           **2001**     **2002**   **2003**     **2004**   **2005**     **2006**   **2007**     **2008**   **2009**                                                                                             
              **Description**              **Number**   **SE**     **Number**   **SE**     **Number**   **SE**     **Number**   **SE**     **Number**   **SE**   **Number**   **SE**   **Number**   **SE**   **Number**   **SE**   **Number**   **SE**
          All SA hospitalizations          410,768      8,489      449,232      11,032     493,199      11,636     545,022      12,530     6389,856     15,794   656,181      15,532   677,580      15,104   715,596      17,397   697.248      15628
       All SA-SSTIs hospitalizations       160,811      3,910      180,748      5,170      208,219      5,579      247,821      6,510      310,982      8,861    332,378      8,989    345,706      8,249    364,452      9,677    358,212      9,143
   SA-SSTIs hospitalizations by age-group                                                                                                                                                                                                        
                 0-17 years                8,191        908        11,759       2,397      14,806       1,570      20,865       2,167      36,771       4,614    33,373       2,714    35,622       2,969    38,289       3,581    34,076       2,697
                18-44 years                33,480       1,115      40,838       1,623      51,773       1,864      68,493       2,318      89,811       3,459    99,431       3,500    98,636       2,975    99,368       3,263    93,018       2,799
                45-64 years                48,857       1,334      57,117       1,683      66,325       ,1825      79,827       2,287      96,897       3,020    107,279      3,123    113,515      3,128    120,949      3,444    124,924      3,501
                65-74 years                26,737       830        27,662       875        29,014       893        31,535       946        34,956       1,149    37,784       1,099    40,219       1,058    43,720       1,193    44,585       1,283
               75 plus years               43,535       1,355      43,368       1,429      46,275       1,483      46,993       1,407      52,470       1,748    54,449       1,730    57,666       1,638    61,999       1,865    61,322       1,847

Notes.

Data source: The Nationwide Inpatient Sample, Healthcare Cost and Utilization Project (HCUP), Agency for Healthcare Research and Quality.

SA-SSTIs hospitalizations were defined by any *S. aureus* infection codes concurrent with any skin and soft tissue infection codes. *S. aureus* hospitalizations were identified based on the following ICD-9-CM codes: *S. aureus* septicemia (0.38.11 and 038.12), *S. aureus* infection (041.11 and 041.12), and *S. aureus* pneumonia (482.41 and 482.42). Some ICD-9 codes for *S. aureus* infections were not available during the entire study period but added as new codes in October 2008 (i.e., 038.12, 041.12, and 482.42).

Skin and soft tissue infections were identified based on the following ICD-9-CM codes: carbuncle (680.xx), cellulitis and abscesses (681.xx and 682.xx), erysipelas (035.xx), impetigo (684.xx), mastitis (611.0.x and 771.5×), other (7048.x, pyoderma dermatitis (686.xx), pressure ulcer (707.xx), infection due to internal prosthetic device, implant, & graft (996.6×), Postoperative infection (998.5×), other infection; as complication of medical care (9993.x), or non-healing surgical wound (998.83).

SA-SSTIs hospitalizations were defined by any *S. aureus* infection codes concurrent with any skin and soft tissue infection codes.

![**Incidence of*S. aureus*hospitalizations overall and those associated with skin and soft tissue infection (SSTI) in U.S.A., 2001--2009.**](1471-2334-14-296-1){#F1}

The incidence of *S. aureus*-SSTIs varied by age-groups, with the highest incidence among those \>75 years (327 per 100,000) and the lowest incidence among those 0--17 years of age (46 per 100,000) (Figure  [2](#F2){ref-type="fig"}). All age groups had an increased incidence of hospitalizations, with many age groups displaying a peak incidence in 2008 (Figure  [2](#F2){ref-type="fig"}). While older age groups had higher incidence in all the years than younger age groups, the greatest relative growth in incidence occurred in younger populations. Persons age 0--17 years had a 318% increase in *S. aureus*-SSTIs during the study period (p \< 0.01) and adults aged 18--44 years had a 173% increase (p \< 0.01). Despite these dramatic increases in the youngest age group, the incidence of *S. aureus*-SSTI hospitalizations in people age 75 years and above was still approximately seven times of that in children 0--17 years.

![**Incidence of*S. aureus*-skin and soft tissue infection (SSTI) hospitalizations by age group in U.S.A., 2001--2009.**](1471-2334-14-296-2){#F2}

There was a moderate yet significant increase in the national annual cost of *S. aureus*-hospitalizations between 2001 and 2009 from \$13.65 billion to \$14.46 billion, a 6% increase (p \< 0.01), with a peak of \$16.25 billion in 2008 (Figure  [3](#F3){ref-type="fig"}). However, during the same period, the national cost of *S. aureus*-SSTI hospitalizations experienced a much more pronounced increase (34% increase, p \< 0.01), from \$3.36 billion to \$4.50 billion, peaking in 2008 at \$4.84 billion (Figure  [3](#F3){ref-type="fig"}). Thus during our study period *S. aureus*-SSTI hospitalizations accounted for an increasingly larger share of cost associated with *S. aureus* hospitalizations (from 25% to 31%, p \<0.01).

![**Annual medical associated cost of*S. aureus*hospitalizations and role of skin and soft tissue infections (SSTIs) in U.S.A., 2001--2009.**](1471-2334-14-296-3){#F3}

The observed temporal variations in national costs were driven by a number of factors that acted in different directions. First, average length of stay and the average cost of hospitalization for *S. aureus* associated SSTIs decreased. This trend was counterbalanced by the higher incidence of *S. aureus*-SSTI hospitalizations. Table  [2](#T2){ref-type="table"} describes these changes between 2001 and 2009 overall, and stratified by age groups. For example, between 2001 and 2009, in children 0--17 years of age, there was a reduction of 43%, in the average length of hospital stay (8.1 to 4.7 days, p \< 0.05), and a reduction of 66% in the average cost of a hospitalization (\$22,601 to \$7,740, p \< 0.05). However, these changes were counterbalanced by a 305% (11.29 to 45.74 per 100,000, p \< 0.05) increase in hospitalization incidence. In combination, these forces resulted in a 61% increase (\$160 to \$260 million, p \< 0.05) in the national cost of *S. aureus*-SSTI hospitalizations within this age group during the study period. In persons age ≥ 75 years, while there was a 17% (10.7 to 8.9 days, p \< 0.05) decrease in the length of stay, a 35% decrease (\$20,587 to \$13,346, p \< 0.05) in the average cost per hospitalization, and a 27% increase (258 to 327 per 100,000, p \< 0.05) in the incidence of hospitalizations, the overall impact in the annual cost was a 10% decrease (\$930 to \$830 million, not significant).

###### 

**Length of stay, average cost, incidence and cost changes of hospitalizations associated with*S. aureus*skin and soft tissue infections (SA-SSTI) by age group in the U.S**.

                                                                        **Year**    **Period change**                             
  ------------------------------------------------------------------ -------------- ------------------- ---------------- -------- --------------
                                                                        **2001**    **2009**            **2001--2009**            
  **Item**                                                            **Estimate**  **SE**              **Estimate**     **SE**   **% Change**
  SA-SSTI length of stay of hospitalization                                                                                        
  All ages                                                                9.91      0.16                7.26             0.11     -27%\*
  0--17 yrs.                                                              8.14      0.67                4.65             0.23     -43%\*
  18--44 yrs                                                              8.31      0.19                5.91             0.10     -29%\*
  45--64 yrs.                                                            10.00      0.22                7.65             0.11     -23%\*
  65--74 yrs.                                                            11.03      0.25                8.82             0.18     -20%\*
  75 plus yrs.                                                           10.71      0.19                8.85             0.18     -17%\*
  SA-SSTI average cost of hospitalization                                                                                          
  All ages                                                               21,287     641                 11,622           200      -45%\*
  0--17 yrs.                                                             22,601     2,881               7,740            887      -66%\*
  18--44 yrs.                                                            18,675     738                 9,309            214      -50%\*
  45--64 yrs.                                                            22,379     784                 12,539           213      -44%\*
  65--74 yrs.                                                            23,206     795                 14,456           278      -38%\*
  75 plus yrs.                                                         20,587 670                       13,346           231      -35%\*
  SA-SSTI hospitalizations per 100,000 population                                                                                  
  All ages                                                               56.68      1.38                117              2.99     +107%\*
  0--17 yrs.                                                             11.29      1.25                45.74            3.62     +305%\*
  18--44 yrs.                                                            29.77      0.99                82.03            2.47     +176%\*
  45--64 yrs.                                                            77.00      2.10                158.84           4.45     +106%\*
  65--74 yrs.                                                            145.57     4.52                217.29           6.25     +49%\*
  75 plus yrs.                                                           258.01     8.03                327.20           9.86     +27%\*
  National annual cost of SA-SSTI hospitalizations (in \$ Billion)                                                                 
  All ages                                                                3.36      0.16                4.22             0.14     +26%\*
  0--17 yrs.                                                              0.16      0.03                4.22             0.14     +61%\*
  18--44 yrs                                                              0.58      0.04                0.88             0.03     +51%\*
  45--64 yrs.                                                             1.07      0.06                1.59             0.06     +49%
  65--74 yrs.                                                             0.62      0.04                0.66             0.02     +5%
  75 plus yrs.                                                            0.93      0.05                0.83             0.03     -10%

Note: cost estimates are in constant 2010 US dollar. Asterisk (\*) denotes statistical significant differences at alpha = 0.05.

Discussion
==========

Based on HCUP data, which is comprised of 20% of all US hospitalizations between 2001 and 2009, we found an increase in *S. aureus* associated hospitalizations consistent with prior reports \[[@B8],[@B9],[@B18]\]. Importantly, we found that among *S. aureus* infection the proportion of hospitalizations with a diagnosis code for SSTI also increased, indicating that the rise in *S. aureus* infections was at least in part driven by SSTIs. By 2009, half of all *S. aureus* -hospitalizations were associated with a SSTI code.

We also found that between 2001 and 2009 costs associated with *S. aureus*-SSTI hospitalizations increased 26%, which would imply an increase of national cost from \$3.36 to \$4.22 billion in constant dollars. Trends in *S. aureus*-SSTI hospitalization cost increases may be explained, at least in part, by changes in the age group demographics of hospitalization, hospital length of stay, and/or average hospitalization cost. For example, by 2009, patients aged 0--44 years accounted for a larger proportion of hospitalizations than in 2001 (36% vs. 26%, respectively). Furthermore, the average length of stay and cost of hospitalization dropped within these age groups more than in the older age strata (Table  [2](#T2){ref-type="table"}). Therefore, the fact that the national annual cost of *S. aureus*-SSTI hospitalizations did not increase even higher was because the higher *S. aureus*-SSTI hospitalization rates were attenuated by increasingly lower age of those hospitalized (who have less expensive hospitalizations) as well as shorter length of stay in all age groups over time. We found a mean cost of *S. aureus*-SSTI of \$11,622 in 2009, which falls into the cost/charge range found in the literature from \$6,800 to \$40,046 \[[@B12]\].

The increase in SA-SSTIs seen disproportionately in the younger age groups has occurred at a time of an increased incidence of infections due to CA-MRSA caused by the USA 300 strain, which has also been noted in the younger age groups \[[@B18],[@B19]\].

Our findings on the increased incidence of *S. aureus-*SSTI hospitalizations are generally in agreement with prior studies. Klein, et al., showed a 62% increase in the incidence of *S. aureus* hospitalization between 1999 and 2005 \[[@B8]\], which is similar to the 55% increase between 2001 and 2005 we have found. Interestingly, there are recent data demonstrating decreases in invasive MRSA infections between 2005 and 2011 \[[@B20]\]. However, we did not see decreases, most likely because the decreases noted by Dantes, et al., appear to be driven largely by decreases in healthcare-associated MRSA infections, likely due to hospital-based infection prevention efforts \[[@B20]\], whereas our data focused on SSTIs, which are typically community associated and thus less likely to be affected by hospital-based prevention efforts.

Our study has several limitations. First, we calculated the estimated costs of *S. aureus*-SSTIs using associated cost estimates, rather than excess cost estimates. Thus, we have likely overestimated the cost of *S. aureus* associated SSTIs because our analysis includes the costs of concomitant treatment of comorbidities. On the other hand, we may have underestimated the *S. aureus*-SSTI associated hospitalization cost because HCUP provides information on direct hospital costs only, and not costs associated with physicians and other medical professionals that provided care but which are billed separately. Second, diagnoses of *S. aureus*-SSTI were based solely on ICD-9 codes and were not validated with chart reviews. Overall, our estimates of *S. aureus*-SSTI hospitalization incidence was (\~30%) higher than those of Klein, et al. \[[@B8]\], during the overlapping periods of the two studies. This difference may be due to the databases used (we used HCUP while Klein, et al., used the National Hospital Discharge Survey). In addition, we adopted a previous ICD-9 coding method \[[@B8]\] that included some diagnoses which are not universally classified as SSTIs, such as device infections and wound infections.

Another limitation is that the incidence of *S. aureus*-SSTI hospitalizations is only a fraction of all the burden of *S. aureus*-SSTIs in the population. For example, SSTIs are a major reason for emergency department (ED) visits \[[@B4],[@B21]\]. Even though ED visits are associated with a lower cost than hospitalizations, they are high in volume, and may still account for a large national cost associated with *S. aureus*-SSTIs. Therefore, as suggested above, our methods could have led to an underestimate of total costs attributable to *S. aureus*-SSTIs. Finally, it should be noted that contemporary data from NIS are typically 3 years old making descriptions of current or past year trends impossible.

Conclusions
===========

In summary, between 2001 and 2009, the overall incidence of *S. aureus* hospitalizations increased by 57%, with the peak incidence in 2008. This increase was driven by *S. aureus*-SSTI hospitalizations, which rose by 105%. Children 0--17 years experienced the highest growth in *S. aureus*-SSTI hospitalizations (316%). However, the highest incidence of *S. aureus*-SSTI hospitalizations was observed in the population ≥ 75 years old across all the study years, and in 2009 the incidence in this age group was still about 7 times higher than in children. The national annual cost of *S. aureus*-SSTI hospitalizations increased by 26%. This increase could have been more dramatic if it were not for the counterbalancing shift in the demographics of *S. aureus*-SSTI hospitalizations to younger patients who have less expensive hospitalizations, and to the trend for shorter hospital stays for *S. aureus*-SSTIs. Efforts to prevent *S. aureus*-SSTIs and MRSA-associated SSTIs could have a meaningful impact on healthcare costs for this common infection.
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